Aims: The aim of this study was to investigate the influence of flow-distance on the empirical correlation between biochemical oxygen demand (BOD 5 ) and chemical oxygen demand (COD) of wastewaters from a cluster of industries. Study Design: Wastewater samples were collected at point-sources and at 25, 50, 75 and 100m distances from the point-sources. Place and Duration of Study: Nasco Household Products Ltd. Laboratory, Jos, Nigeria. Sampling was done twice a week for a full seasonal cycle at peak production period (morning and evening). Methodology: The samples pH were adjusted to 7 using 0.5M acid for basic samples and 1M alkali for acidic samples, de-chlorinated using 0.0125M Na 2 S 2 O 3 and seeded when necessary and then diluted with de-ionized water. The dissolved oxygen (DO) content of the diluted sample was determined before and after incubation for 5 days by azide modified Winkler's method. The difference, taking into account the dilution, gave the BOD 5 of the sample. For COD the sample to be measured was oxidized under reflux by 0.125M potassium dichromate and 2mg of sulphamic acid with silver sulphate as a
INTRODUCTION
The environmental concern about water is as a result of the fact that the accessible portion of water for human use is greatly affected by various human activities such as technologies for processing raw materials into utilizable finished products, mining activities, oil explorations for energy supply, production of organic and inorganic fertilizers for agricultural purposes, synthesis of pesticides to fight pests, herbicides to kill weeds, production of textiles, detergents, soaps, chemicals and pharmaceuticals [1, 2, 3] . Generation of wastewaters in industrial processes is sometimes unavoidable and in most cases a process to reduce the organic load and other contaminants must be employed [4] . Although sewage and industrial waste have desecrated most of the waterways near large centers of population, sewage water may be purified enough to be used for drinking purposes [5] . As the most abundant liquid on earth, water runs steadily along vast network of rivers while transporting wastes alongside over long distances [6] .
Interestingly, it seems as if nature can handle its own wastes effectively through the processes of decomposition and movement of materials in the ecosystem thereby maintaining a balance in the ecosystem [6] . Nature is also the recipient of human wastes many of which are not natural substances that nature can cope with. This forms the basis of environmental problems. Wastes from artificial systems have both physical and chemical properties. Their interaction with natural and artificial ecosystems on the earth surface defines the problem set by the waste in both magnitude and nature. The effects of wastes are very important and can be assessed through careful experimentation in relation to many organisms in the living world [6] . The effects can either be direct or derived through transformation, interaction and flow and accumulation but the most important point is that different materials have different effects on different targets. These targets are the different species of living organisms that waste can come in contact with.
The components of wastes can be classified into three categories: chemical, physical and biological contaminants. One major concern about chemical contaminants is that they pose a problem of depletion of dissolved oxygen (DO) as well as toxicity. Physical contaminants bring about issues of color, turbidity and radioactivity while biological contaminants are responsible for disease transmissions such as cholera, typhoid, etc. [7] .
Industrial wastes may vary from one factory to the other depending on the nature of the operations. Despite the various differences in the nature of the industrial wastes, there are basic tests that can be used for their characterization [8] . The characteristics of wastewaters are very significant because they provide an indication of the treatment works required.
Oxygen depletion has been considered as one of the potential factors for cases of mass mortality, which is often associated with certain imbalance in the environmental parameters. Metcalf and Eddy [9] reported that the most widely used parameter for organic pollution measurement applied to both wastewater and surface water is the 5-day biochemical oxygen demand (BOD 5 ). The biochemical oxygen demand (BOD) is the amount (mg/L or ppm) of oxygen that bacteria take from water when they oxidize (or stabilize) organic matter. The test is performed at a defined temperature (20ºC) and for a standard period (5-days), hence BOD 5 .
Environmental monitoring agencies usually request industries to submit their BOD 5 results of their wastewaters periodically. Also, optimal process control practice demands for these results, promptly, for effective management. However, due to long incubation periods and low reproducibility, most industries find it difficult to meet such deadlines. Even when they do, the results provide historical data and fail to facilitate rapid water quality assessment or optimal process control. Chemical oxygen demand (COD), a measure of the oxygen equivalent of the organic matter content of a sample that is susceptible to oxidation by a strong oxidant, is simple and can be reliably carried out in the laboratory. The dichromate reflux method has been preferred over procedures using other oxidants because of the superior oxidizing ability with wide variety of samples, and ease of manipulation [10] .
Comparison of BOD with COD assesses whether the compound is readily biodegradable. For BOD 5 , COD: BOD ratio greater than 100 is an indication that the compound is relatively non-biodegradable and a ratio of less than 10 means it is relatively degradable [11] . Low BOD 5 may also mean that the test microbes require longer test period to degrade the compound.
Attiogbe et al. [11] reported a highly positive degree of common variation (y = mx + c) between COD and BOD 5 for the effluents from Ghana Brewery Limited (GBL), Guinness Ghana Limited (GGL) and Coca-Cola Bottling Company of Ghana. Ajiga [12] reported a linear correlation of the type y = mx + c between BOD 5 and COD for the wastewaters of Nasco Household Products Ltd., Nasco Foods Ltd., Nigerian Bottling Company (Coca-Cola) and Jos International Breweries Limited.
The present work, therefore, aims at determining the COD and BOD 5 of wastewaters from the cluster of industries at various distances from point-source in an attempt to determine the effect of flow-distance on the empirical relation between COD and BOD 5 .
MATERIALS AND METHODS

Study Area
Jos is the capital of Plateau State and it is situated in North Central Nigeria. The area under investigation is between Anglo-Jos and Barakin Larawi in the Jos-South industrial area of the state. Situated in this area is Nasco Household Products Ltd. (NHPL; a chemical industry), Nasco Foods Ltd. (NF), Nigeria Bottling Company (NBC; Coca-Cola) and Jos International Breweries (JIB), each having a furrow of wastewater that eventually combines into one wastewater body and empties into a nearby stream. Various farming activities also take place within the study area.
Sampling
Wastewater samples from each of the industries were collected at point-sources and at 25m, 50m, 75m and 100m distances from the point-sources (Fig. 1) . Sampling was done twice a week for a full seasonal cycle at peak production period (morning and evening). When not analyzed immediately, the samples were kept in the refrigerator at 4 0 C in prerinsed plastic containers with airtight plastic covers for preservation. Analyses were, however, carried out within 24 hours at the Nasco Household Products Ltd. Laboratory, Jos. The samples were treated by adjusting their pH to 7 using 0.5M acid for basic samples or 1M alkali for acidic samples, de-chlorinated using 0.0125M Na 2 S 2 O 3 and seeded when necessary and then diluted with de-ionized water. The dissolved oxygen (DO) content of the diluted sample was determined before and after incubation for 5 days using the azide modified Winkler's method. The difference, taking into account the dilution, gave the BOD 5 of the sample [13, 14] .
Chemical Oxygen Demand (COD)
The sample to be measured was oxidized under reflux using 0.125M potassium dichromate and 2mg of sulphamic acid with silver sulphate as a catalyst and a suppressor of chloride interferences. Organic matter reduced part of the dichromate and the remainder was determined by titration with iron (II) ammonium sulphate using ferrion as indicator [13, 14] .
RESULTS AND DISCUSSION
The average COD and BOD 5 results for the respective industries are presented in Tables 1,  2 , 3 and 4. The BOD ranged from (5 -42mg/L). The values in some of the locations were in excess of the maximum allowable limit of < 20 mg/L by the international and regional standards [15, 16] . From the results, the COD and BOD 5 values generally decrease with increase in flowdistance from the source-point in situations where the wastewater experienced minimal contributions from other human activities along the flow-path as the case with NHPL furrow.
The general trend from NBC and JIB furrows to where the respective effluents combined into one wastewater body is an increase in COD and BOD 5 values along the flow-path. This could be attributed to the level of human activities resulting in further pollution as the effluents flow downstream. Washing from farmlands lining the furrow is a major contributor of fertilizers, manures, human wastes, etc. into the furrow; resulting in more pollution and higher COD and BOD 5 values as the wastewater flows downstream. Presence of ammonia is reported to significantly increase measured BOD 5 as a result of microbial oxidation of ammonia to NO 3 ; ultimately [11] . The decrease in COD and BOD for NHPL wastewater may be due to lack of farming activities around the location. Farmlands were a bit distant from this furrow at the time of this study.
The average COD values ranged from (727 -10,880mg/L). The observed comparatively very high COD values as compared to BOD 5 indicates presence of large amounts of organic compounds which are oxidizeable by K 2 Cr 2 O 7 but not biochemically oxidizeable [17] . This could also be accounted for by the reported high values of nitrites and Fe 2+ in these wastewaters which accounts for non-detection of inorganic COD by the BOD 5 test [12] . The high values may also be associated with material loss from the industries. However, the COD and BOD 5 correlation was low for JIB; though the first three values showed a strong correlation (R 2 = 0.9992). The negative intercept (negative COD value) presented by the correlation equations of the wastewaters from NBC and NF could be attributed to the presence of metallic toxicants in appreciable quantities. These toxicants are reported to inactivate or kill the microorganisms (depending on concentration of the toxicant) that are supposed to feed on the waste, which results in a small oxygen drop and a very low BOD 5 value. Ajiga [12] reported high concentrations (3.1±0.02mg/L and 2.01±0.02mg/L) of Zn 2+ and Cu 2+ respectively for the NBC wastewater samples from point-source. Klein [17] and Ademoroti [18, 19] reported that for every 1mg Cu 2+ per liter wastewater, a BOD 5 suppression of 33% was recorded, while every 1mg Zn 2+ per liter wastewater caused 17% BOD 5 suppression. Biologically treated effluents from pulp and paper have been reported to still contain significant amounts of colored compounds, microorganisms, recalcitrant organics and a minor amount of biodegradable organics, as well as suspended solids [20] . Reports on current treatment processes for petroleum refining effluents recommends Photocatalytic degradation as an attractive technique [21] . 
